L-shell x-ray production cross sections by 0.25 -2.5-MeV 2He ions in 28Ni, »Cu, »Ge, 33AS, 37Rb 3/Sr 3QY, 40Zr, and~Pd axe reported. The data are compared to the first-Born approximation and the ECPSSR theory that accounts for the projectile energy loss (E) and Coulomb deflection (C) as vvell as the perturbed-stationary-state (PSS) and relativistic (R) effects in the treatment of the target I.-sheH electron. Surprisingly, the first Born approximation appears to converge to the data while the ECPSSR predictions underestimate them in the low-velocity limit. This is explained as the result of improper use of single-hole fluorescence yields. A heuristic formula is proposed to account for multiple ionizations in terms of a classical probability for these phenomena and, after it is applied, the ECPSSR theory of I.-shell ionization is found to be in good agreement~ith the data.
I. INTRODUCTION
Multiple ionizations are known to affect inner-shell fluorescence yields. ' The standard fluorescence yieldscalculated for atoms with a single vacancy in their inner shells -may increase significantly when there is an appreciable probabihty that outer shells are also ionized. A bewildering complexity of possible transitions in multiply ionized atoms, foils all-inclusive attempts to modify the standard fluorescence yields for the maze of such transitions. Even if a rigorous formula was to be derived to cover all possibilities, its utility would be marred by imprecise knowledge of the degrees to which various outer shells had simultaneously undergone ionization in a collision. We propose instead, in the Appendix, a formula that modifies these yields in an approximate manner and relies on an easily scalable and classical expression for the probability of outer-shell ionization. This probability is proportional to (Zi/ui) , the square of the projectile charge-to-velocity ratio, and -except for Zi =1 ions -its validity is limited to the Zi/ui &v 2 projectiles. To study experimentally the efftx:t of multiple ionization under such a restriction and yet to have (Zi/ui ) as large as possible, we chose 0.25 -2.5-MeV 2He ions as projectiles so that 1.26&Zi/ui &0.40. Also, to maximize this effect, we have selected I. shells in relatively light target atoms (28 &Z2 &46) for which the standard fluorescence yields are small, i.e. , in the 0.009 -0.05 range.
Section II contains a short survey of L-shell x-ray production by heliuln ions in the elements that we consider light -with respect to heavier atoms for which such data are usually reported -and yet of a sufficiently large atomic number so that their I. shells can be treated as inner shells. Our experiment for such collisions is briefly described in Sec. III and its results as well as the data of others are compared with theory in Sec. IV. In the concluding Sec. IV 8, our method of accounting for multiple ionizations of outer shells is tested against the semiempirically deduced mean fluorescence yields in the I.-shell ionization.
EI. SURVEY OF L-SHELL X-RAY PRODUCTION BY HELIUM IONS IN LIGHT TARGET ATOMS
A search of the literature shows that most of the published results for L-shell ionization cross sections are for heavy elements whose L-shell binding energies are significantly greater than 3 keV, i.e. , for target atoms with the atomic number Z2 & 46. The measurements in this work are for the L-shell x rays whose energies are below 3 keV.
Experimental difficulties encountered in making such measurements include (a) large experimental uncertainties in the detector efficiency below 3 keV, (b) Simultaneous measurement of the yield of the L-shell x-rays and the yield of the scattered particles during the ion-target interaction was used to determine the L,-shell x-ray production cross section. The Si(Li} x-ray detector and the Si surface-barrier particle detector were positioned at 90' and 150' to the incident beam, respectively. The target was positioned at 45' to the incident beam direction. Particulars of the experimental geometry, data analysis, and the efficiency of the Si(Li) detector were described elsewhere. '6' The absolute uncertainty in the data reported here ranges from 13% to 26%, which is primarily due to uncertainty in the (i) background subtraction and polynomial fitting (2 -13%) and (ii) efficiency of the Si(Li) detector at the L-shell x-ray energies (9 -19%).
The largest uncertainty due to efficiency occurs at low Lshell x-ray energies for nickel and copper due to the steep-TAKE I. L-shell x-ray production cross sections in barns for He+ ions. To expose this systematic discrepancy between the data and the ECPSSR theory, we have plotted in Fig. 3 
